Abstract Although depressive symptoms have been linked to stroke, most research has been in relatively ethnically homogeneous, predominantly white, samples. Using the United States based Health and Retirement Study, we compared the relationships between elevated depressive symptoms and incident first stroke for Hispanic, black, or white/ other participants (N = 18,648) and estimated the corresponding Population Attributable Fractions. The prevalence of elevated depressive symptoms was higher in blacks (27%) and Hispanics (33%) than whites/others (18%). Elevated depressive symptoms prospectively predicted stroke risk in the whites/other group (HR = 1.53; 95% CI: 1.36-1.73) and among blacks (HR = 1.31; 95% CI: 1.05-1.65). The HR was similar but only marginally statistically significant among Hispanics (HR = 1.33; 95% CI: 0.92-1.91). The Population Attributable Fraction, indicating the percent of first strokes that would be prevented if the incident stroke rate in those with elevated depressive symptoms was the same as the rate for those without depressive symptoms, was 8.3% for whites/ others, 7.8% for blacks, and 10.3% for Hispanics.
population health goal (Roger et al., 2011) . Identifying modifiable risk factors for stroke is especially important for addressing racial and ethnic disparities. In the US, current evidence suggests that strokes occur at higher incidence, at younger ages, and result in greater disability in both African-American and Hispanic populations compared to whites (Cooper et al., 2000; King & Williams, 1995; Trimble & Morgenstern, 2008) . Among individuals ages 45-64 years, the stroke mortality rate for African Americans is 3-4 times higher than for whites, with a decreasing black-to-white mortality ratio with increasing age (Howard et al., 2007; King & Williams, 1995) . The limited population-based incidence data available show stroke incidence rates in blacks that are more than double those for whites living in the same geographic region, including northern Manhattan in New York City or Greater Cincinnati in Ohio/Northern Kentucky (Kissela et al., 2004; Sacco et al., 1998) . Stroke in US Hispanic populations has rarely been studied in cohorts, however, registry studies suggest a higher burden of disease compared to whites (Morgenstern et al., 2004; Sacco, et al., 1998) . Further, some evidence suggests that both the impact and prevalence of stroke risk factors may differ for racial/ethnic minorities (Sacco et al., 2001 ), although there is substantial overlap of major risk factors (Smith et al., 2003) . These findings suggest that associations established in primarily white samples may not adequately generalize and it is therefore critical to examine stroke risk factors in racial and ethnic minority populations. This concern is all the more relevant for psychologically mediated stroke risk factors, such as depression and related conditions.
Racial and ethnic patterns in depressive symptoms
Prior research is inconsistent with respect to the prevalence of depression in racial/ethnic minorities compared to whites, with some but not all studies finding lower prevalence of mood disorders in minorities (Alegría et al., 2008; Blazer et al., 1998; Kessler et al., 2005) . Other research suggests racial and ethnic patterns observed in younger samples do not hold in the elderly and older Latinos in particular experience elevated prevalence of dysthymia and depression (Alegría et al., 2008; Jimenez et al., 2010) . The divergent evidence may arise in part because of differences in expression of symptoms across populations (Das et al., 2006; Lewis-Fernandez et al., 2005) . Evidence is more consistent that racial/ethnic minorities experience lower rates of depression treatment and higher chronicity of major depression (Alegría et al., 2008; Minsky et al. 2003; Simpson et al., 2007; Williams et al., 2007) .
The evidence gap for depressive symptoms and stroke in racial/ethnic minorities The prospective association between depressive symptoms and stroke incidence, although relatively well established in white populations, has rarely been examined in racial/ethnic minorities. To date, very few large scale studies have collected stroke data on multiple racial/ethnic groups within the same community or population. In the National Health and Nutrition Examination Survey I Epidemiological Follow-up Study (NHEFS) depressive symptoms predicted stroke in both whites and blacks, and the association was slightly stronger in blacks (Jonas & Mussolino, 2000) . Similarly, using data from the NHEFS, Jonas et al. found that the association between depression and hypertension was higher for blacks than whites (Jonas et al., 1997) . In the North Carolina Established Populations for the Epidemiologic Study of the Elderly (EPESE), positive affect was associated with lower risk of stroke in both blacks and whites, with similar magnitude of association for both races (Ostir et al., 2001 ). To our knowledge, no prospective study has assessed whether the association between depressive symptoms and stroke is consistent in Hispanic populations. Given concerns about under-diagnosis of mood disorders in minorities, and the burden of disease related to stroke, it is important to assess whether depressive symptoms may be a major stroke risk factor in minority populations. Brief depressive symptom screens such as typically used in epidemiologic studies may fail to predict stroke in minorities either because they do not measure mood disorders well in these populations or because mood disorder, even if well-measured, would not predict stroke. On the other hand, depression may prove an important modifiable stroke risk factor that could be readily identified with brief assessments. Depressive symptoms are potentially treatable, so it also valuable to understand the possible population health impact of ameliorating depressive symptoms in racial/ethnic minority groups.
We hypothesized that elevated depressive symptoms would have a similar relationship with stroke in US nonHispanic whites, non-Hispanic blacks, and Hispanic adults. We also estimated the fraction of incident strokes that could have been prevented if individuals with elevated depressive symptoms experienced the same stroke rate as individuals without elevated depressive symptoms (i.e., the population attributable fraction) in each racial/ethnic group.
Methods

Participants
We used data from three enrollment cohorts (1992, 1993, and 1998) of the Health and Retirement Study (HRS), a longitudinal biennial national survey of US adults aged 50 + and their spouses. Technical details of study design and implementation have been previously published elsewhere (Juster & Suzman, 1995) . For the 1992 enrolment cohort, alternative versions of the depressive symptom assessment were used before 1996, so we defined 1996 interviews ''baseline'' for this cohort. Data from biennial interviews (or proxy interviews for decedents) through 2006 were used. We restricted our sample to HRS participants age 50 + at the time of enrolment, born after 1899, and who reported they had no prior stroke at baseline interview.
From 23,639 age-eligible respondents, 1,741 (7.4%) were excluded due to prior stroke. From these 21,898 potentially eligible participants, we further excluded 1,710 (7.8%) due to missing information on baseline depressive symptoms, 891 (4.1%) due to missing covariates, 599 (2.7%) due to missing follow-up information, and 50 (0.2%) due to unknown failure date. Of 4,991 excluded age-eligible respondents, 865 (17.3%) were non-Hispanic blacks, 464 (9.3%) were Hispanic, and 3,663 (73.4%) were white/other race/ethnicity.
The HRS is sponsored by the National Institute on Aging (grant NIA U01AG009740) and is conducted by the University of Michigan. The HRS is approved by the University of Michigan Health Sciences Human Subjects Committee and this study is approved by the Harvard School of Public Health Human Subjects Committee.
Measures of stroke
At each interview, participants were asked to report on stroke history (''Has a doctor ever told you that you had a stroke?''). For those participants who were deceased or unable to participate directly in the interview, proxies (usually spouses) were interviewed. A small number of respondents volunteered that they had experienced a Transient Ischemic Attack (TIA). Because TIAs were not assessed consistently in the survey, we classified these individuals as not having a history of stroke. Respondents reported stroke month and year; for events with unknown date (n = 302) we assigned the median month for events reported by others in the same interview wave.
Measures of depressive symptoms
Depressive symptoms were assessed with an 8-item version of the Centers for Epidemiologic Study of Depression (CES-D) scale. Respondents scored questions with yes/no responses (''Now think about the past week and the feelings you have experienced. Please tell me if each of the following was true for you much of the time this past week. Much of the time during the past week … I felt depressed/felt that everything I did was an effort/my sleep was restless/could not get going/felt lonely/enjoyed life/felt sad/was happy.'') Based on established standards, elevated depressive symptoms were defined as a score of 3+ (Steffick, 2000) . It has been shown in a subsample of HRS participants (n = 6,133) who completed both the CES-D and a short form of the World Health Organization's Composite International Diagnostic Interview (CIDI-SF) that the cutpoint of 3+ on the CES-D had 71% sensitivity and 79% specificity for identifying major depressive episode according to DSM-IV criteria as implemented by the CIDI-SF. These results are not available stratified by race/ethnicity. In the current analytic sample, the CES-D scale had a Cronbach's alpha of 0.78 for whites, 0.82 for Hispanics and 0.78 for blacks, suggesting similar reliability for all three groups.
Measures of covariates
Race/ethnicity was self-reported and we considered three groups: Hispanic (n = 1,313), non-Hispanic black (n = 2,557), and white/other (n = 14,778; 93% white and 7% categorized as Not Specified). Additional core demographic covariates included age, Southern birth, father's and mother's education of 8+ years, and missing indicators for unknown parental education. Parent's education and region of birth were controlled because they predict stroke and temporally precede participants' current depressive status (Glymour et al., 2008) . Adult social risk factors included as covariates were: years of education, household income and wealth at baseline (income and wealth were natural log transformed to reduce skew), and marital status (divorced/widowed/never-married/currently married). We then adjusted for a set of well-established stroke risk factors that may also be affected by prior depressive symptoms: smoking status (current/past/never), overweight (BMI 25-\30) or obese (BMI 30+), moderate alcohol use (\3/day or \18/week), or heavy alcohol use (C3/day or C18/week), and self-reported baseline diagnoses of hypertension, diabetes, or heart disease. Because this set of covariates potentially includes mediators of the effect of depressive symptoms on stroke, the coefficients should not be interpreted as ''causal.''
Analyses
We used Cox proportional hazard models to estimate the hazard ratio (HR) for onset of first stroke associated with elevated depressive symptoms. We first analyzed the association between endorsing each of the 8 depressive symptoms at baseline and subsequent hazard of incident stroke in models stratified by race/ethnicity. We next evaluated the association between elevated depressive symptoms (3+ symptoms) and onset of stroke in each racial/ethnic group. We tested the null hypothesis that the association between elevated depressive symptoms and stroke was the same for each racial/ethnic group by estimating a pooled model including interaction terms for baseline depressive symptoms by black and depressive symptoms by Hispanic. As a sensitivity analysis, we repeated the primary analyses using accelerated failure time models with a Weibull distribution, but results were very similar so we present the Cox models only. To illustrate how the association between depressive symptoms at baseline and stroke risk persists over time, we used logistic models to estimate smoothed survival curves adjusted for baseline demographic variables. These models included terms for months since baseline, months squared, and the interaction of baseline elevated depressive symptoms with months and months squared. We explored cubic models, but the cubic coefficients were estimated as 1.000 (i.e. null at the 3rd decimal place) and so we dropped them.
Finally, we estimated the Population Attributable Fraction using the formula:
where p c is fraction of exposed cases (Rothman et al., 2008) . The Population Attributable Fraction calculation reflects the fact that the impact of a risk factor on population patterns of disease is influenced by both the hazard associated with the risk factor and the percent of the population exposed to the risk factor. If the association is causal, it is interpreted as the fraction of events that could be eliminated if the risk factor were eliminated from the population. Analyses were conducted using SAS 9.2.
Results
The primary analyses included 18,648 individuals (152,437 person-years) who experienced 1,998 first strokes (Table 1). The prevalence of elevated depressive symptoms was higher in Hispanics (33%) and blacks (27%) than in the white/other group (18%). Among Hispanics, no individual symptom was significantly related to onset of stroke, but ''everything was an effort'' and ''couldn't get going'' had HRs above 1.4 (Table 2) . For black respondents, 5 of the 8 symptoms had statistically significant relationships with stroke incidence, but neither ''everything was an effort'' nor the two positive emotions ''enjoyed life'' and ''was happy'' were significantly associated. Among whites, endorsement of any individual depressive symptom significantly predicted subsequent stroke onset. The magnitude of the relationship was strongest for ''everything was an effort'' and ''felt depressed.''
The hazard ratio associated with 3+ elevated depressive symptoms was only marginally statistically significant (Table 3) . Adjusting for adult social risk factors slightly attenuated the relationships for blacks and whites/others; elevated baseline depression predicted elevated stroke in whites/others [HR = 1.40 (95% CI: 1.24-1.58)], but hazard ratios were marginally significant for blacks [HR = 1.25 (95% CI: 0.99-1.58)] and Hispanics [HR = 1.36 (95% CI: 0.93-2.00)]. Additionally adjusting for well-established adult stroke risk factors, which may mediate the effect of depressive symptoms on stroke, further attenuated the associations, so that there was no evidence of an association between elevated depressive symptoms and stroke onset among Hispanics (HR = 0.99). However, the CIs from these models were quite wide and included the HR estimate for both blacks (HR = 1.12) and the white/other group (HR = 1.28). In models adjusted only for demographic covariates, interaction terms for race/ ethnicity by elevated depressive symptoms were not statistically significant for blacks (p = 0.20) or Hispanics (p = 0.39), indicating no evidence of interaction (on a multiplicative scale) between elevated depressive symptoms and race.
Predicted survival curves (Fig. 1) suggest that elevated depressive symptoms predicted higher risk of stroke for several years after the depression assessment was completed. For all three racial ethnic groups, the interactions between baseline depressive symptoms and time elapsed since assessment were very close to the null (not shown), indicating that the relationship between baseline depressive symptoms and stroke risk was similar across the entire follow-up period.
Based on the demographic-adjusted HRs and the prevalence of elevated depressive symptoms, the Population Attributable Fraction for elevated depressive symptoms and incident stroke was highest for Hispanics (10.3%) compared to the Population Attributable Fraction for whites/others (8.3%) or blacks (7.8%).
Discussion
In a large national study with over 8 years of average followup, we found that elevated depressive symptoms predicted stroke incidence in whites and blacks, and that hazard ratios were elevated but only marginally statistically significant for Hispanics. Hazard ratio point estimates for Hispanics were similar to those for blacks, although the p-values did not meet the conventional a \ 0.05 criterion for statistical significance. However, this was likely due to reduced statistical power to detect an effect among Hispanics, given the smaller number of older Hispanics than older blacks.
Furthermore, the prevalence of elevated depressive symptoms was highest in Hispanics and lowest in whites.
The Population Attributable Fraction is one gauge of the public health importance of an exposure, and reflects both the hazard associated with the exposure and the prevalence of the exposure. The Population Attributable Fraction for Although the association between prior depressive symptoms and stroke incidence has been demonstrated in several studies (Glymour et al., 2010; Jonas & Mussolino, 2000; May et al., 2002; Ohira et al., 2001a, b) , only two studies have examined this association specifically among blacks (Jonas & Mussolino, 2000; Ostir, et al., 2001 ) and to our knowledge no prior study has examined depressive symptoms and stroke in Hispanics. Despite the long follow-up and national sample in NHEFS, that analysis included only 83 strokes among blacks (Jonas & Mussolino, 2000) , compared to 334 in the current study. Our findings are largely consistent with the NHEFS results, although we found that the association between depressive symptoms and stroke was similar across all three racial/ethnic groups. Furthermore, the point estimates in our results were generally lower than the hazard ratio point estimates reported in NHEFS. This may be attributable to the older population in our sample and the focus on first (rather than any) stroke.
The single symptom analyses should be interpreted very cautiously. First, these analyses are not corrected for multiple comparisons. More importantly, the CES-D items were validated as a combined scale (Hertzog et al., 1990;  Estimates based on Cox proportional hazards models adjusted for age at baseline (linear and quadratic), southern birth, mother's and father's education [8 years, and missing indicators for parental education HR hazard ratio, CI confidence intervals Irwin et al., 1999; Radloff, 1977; Steffick, 2000) , including studies in racial/ethnic minority populations (Mahard, 1988; Roberts, 1980) . These validations generally focused on correspondence between CES-D and clinical syndromes such as major depression, rather than the association of CES-D with risk of future illness, as is our goal in the current analysis. Symptoms and expression of depression may vary across cultural groups (Alegría & McGuire, 2003; Brown et al., 1996; Li & Hicks, 2010; Steffens et al., 1997) . For example, Uebelacker et al. report that symptoms of sleep disturbance were more discriminating for DSM-IV diagnosed major depressive disorder among non-Hispanic whites than Hispanics, but symptoms of fatigue were more discriminating among Hispanics (Uebelacker et al., 2009 ). Blazer reported a similar factor structure for CES-D among older whites and African-Americans, although, consistent with our results, he reported that African-Americans were significantly more likely to endorse the items ''felt depressed'', ''felt lonely'', and ''everything was an effort'' (Blazer, et al., 1998 ). Our findings demonstrate that the CES-D, despite its brevity, is an important and useful measure of depressive symptomatology for both blacks and Hispanics, but our results also suggest some items may be better indicators of stroke risk. The original CES-D scale was found to have four domains: Depressive Affect, Somatic Symptoms, Well-Being, and Interpersonal Relations. The modified CES-D scale we use here has no items corresponding to Interpersonal Relations, but items corresponding to each of the other three domains. We found that the well-being symptoms were not as common as other depressive symptoms for any racial/ethnic group and did not significantly predict stroke for either blacks or Hispanics (although point estimates for well-being items among blacks were fairly high). This is in contrast to previous work showing that positive affect was associated with reduced risk of stroke in both African Americans and whites (Ostir et al., 2001) . However, that research was based on a cohort that did not include Hispanics and so we cannot directly compare results to ours.
Given that we found good inter-item reliability of the 8-item scale for all three racial/ethnic groups, our findings support use of a combined scale in research. However, the marked difference in prevalence and apparent toxicity of certain symptoms, especially in Hispanics, suggests future research might explore domain-specific associations with health outcomes for each racial/ethnic group. These results may also be of interest in future work developing culturally appropriate depression screens.
The HRS has important strengths for this study, including a large, diverse sample drawn from across the United States and longitudinal follow-up of up to 13 years. However, HRS also has several limitations relevant in our analyses. Outcomes are based on self-or proxy-reports, without medical verification. Prior research suggests that self-reports of diagnoses of major acute medical events, such as stroke, are fairly accurate but not perfect. For example, a study of Olmsted County Minnesota reported a sensitivity of 78.4% and a specificity of 98.6% for prevalent self-reported stroke or TIA. This corresponds to a positive predictive value of 67%, which is fairly consistent with findings in other studies (Bots et al., 1996; Engstad et al., 2000) , including the NHEFS (Bergmann et al., 1998) . In previous analyses, we have found that welldocumented cardiovascular risk factors have roughly similar associations with stroke in the HRS sample as found in other studies with medical-record verification (Glymour & Avendano, 2009) , suggesting this is an appropriate data set for exploration of new risk factors. An additional limitation of HRS is that stroke subtypes cannot be assessed. Prior research provides limited evidence that depressive symptoms increase risk of ischemic but not hemorrhagic stroke (Ohira et al., 2001a, b) . Because most strokes in US populations are ischemic, our results are likely driven by the association between depressive symptoms and ischemic stroke. However, we cannot evaluate this supposition.
Most importantly, this study is observational and therefore cannot establish causality. We were not able to adjust for several potential common causes of depressive symptoms and stroke. There are many reasons to question the causal direction relating depressive symptoms and cerebrovascular disease (Williams, 2005) . For example, several studies show that stroke increases risk of depression, and depressive symptoms may be a symptom of subclinical cerebrovascular disease that will ultimately manifest in clinical stroke (Wendell et al. 2010) . The prospective design of our study helps address the possibility of reverse causation from cerebrovascular disease to depressive symptoms, as illustrated in the survival curves showing that baseline depressive symptoms predict stroke onset years later. If this association is entirely attributable to reverse causation, it suggests that subclinical CVD influences mood several years before manifesting as a stroke. It is important to evaluate this in future research because it implies apparently healthy individuals are experiencing neurological damage years before stroke diagnosis. The current analyses cannot conclusively establish the causal direction, however.
The typical interpretation of the Population Attributable Fraction is based on the assumption that the exposure is causally linked to the outcome. Because of the uncertainty regarding the causal direction, we have emphasized a more conservative interpretation of the Population Attributable Fraction, as the fraction of strokes that could have been eliminated if the exposed had the same stroke rate as the unexposed.
Much remains unknown about the relationship between depressive symptoms and stroke in the overall US population. Further research is needed to clarify if depressive symptoms connote equal level of risk for ischemic versus hemorrhagic stroke and for different stroke mechanisms.
The clinical importance of the depression-stroke link is highlighted by Population Attributable Fractions approaching 10%. Although prior estimates of the prevalence of depression in adult white and minority populations vary widely, (Alegría et al., 2008; Blazer et al., 1998; Ford et al., 2007; Jimenez et al., 2010; Kessler et al., 2005; Takeuchi et al., 2007) we found that elevated depressive symptoms were common in all three racial/ethnic groups, with the greatest prevalence among Hispanics.
We found that the association between elevated depressive symptoms and incidence of first stroke was similar in whites, blacks, and Hispanics, although confidence intervals included the null value for Hispanics. These findings add to the growing body of evidence that depression increases risk of stroke, and extends this relationship to black and Hispanic adults. Improved diagnosis and treatment of depression, particularly in elderly minorities, may help reduce stroke rates, although direct evidence on the cardiovascular effects of treatment is needed.
